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CARBON MONOXIDE AS A FUEL 

D. G.  Walker 

Tenneco Chemicals, Inc. ,  Intermediates Division, Pasadena, Texas 

The purpose of t h i s  t a l k  is twofold. F i r s t ,  t o  f ami l i a r i ze  you with a process 
f o r  t he  separa t ion  of CO from gaseous mixtures which i s  ca l l ed  COSORB. COSORB 
cheaply and e f f i c i e n t l y  produces pure carbon monoxide from an ambient temperature 
and pressure  gaseous mixture. 
would produce pure CO f o r  transmission and use  a s  a fue l .  This coa l  gas i f i ca t ion  
process cons i s t s  of (1) a slagging-ash gas producer using compressed a i r  as  oxidant,  
(2) gas processing u n i t s  t o  ex t r ac t  t he  sens ib l e  hea t  of t he  producer gas as steam, 
i s o l a t e  t he  t a r  and benzols produced and sepa ra t e  the  s u l f u r ,  dus t ,  and nitrogen 
containing compound from t h e  gas ,  (3) COSORB which separa tes  t he  CO from the res,t of 
t h e  pu r i f i ed  producer gas  (mostly n i t rogen) .  

R. M. Jimeson, a t  the  recent  Dal las  meeting of t h i s  d iv i s ion ,  ou t l ined  a t  
iriigui w;iy d coal  r e r i n i n g  inauscry neeas KO evolve i n  t n e  iunnealate ruture.  a>% o r  
the  t o t a l  chemical f u e l  reserves of t h i s  country a r e  coal.  Y e t  coa l  is d i r ty .  In  
addi t ion  t o  smoke problems, the  s u l f u r  and n i t rogen  content of coal go out the  s t ack  
during its combustion i n  a b o i l e r  p l an t .  
fu tu re  expansion of raw coal  burning. 
clean-up is  very expensive and only p a r t i a l l y  e f f ec t ive .  
discussed here hopefu l ly  i s  an economically sens ib l e  way t o  use  coa l  as  an energy 
source.  It re f ines  the coa l  by g a s i f i c a t i o n  near t he  mine, p u r i f i e s  t he  gas, 
removes s u l f u r  and n i t rogen  containing impur i t ies ,  and then t ranspor t s  t he  pure CO 
by p ipe l ine  to  the  energy consumer. 
be  p rac t i ca l ly  n i l .  

It is t o  be emphasized t h a t  t h i s  process is  completely unthinkable without an 
e f f i c i e n t ,  cheap sepa ra t ion  of CO from ni t rogen  by a process such as  Tenneco's COSORB. 
No such process has even been proposed before because COSORB d i d  not e x i s t  before.  

On t he  f i r s t  s l i d e ,  a diagram of COSORB is shown. The process has two packed 
towers, an absorber and a s t r ippe r .  A copper containing solvent i s  c i rcu la ted  
through the  absorber where t h e  so lvent  i s  contacted with a gaseous mixture, f o r  
i l l u s t r a t i v e  purposes, a mixture of N 2  and CO. 
"coordinately" complexes t h e  CO and absorbs it i n t o  the  so lvent .  N p  is untouched and 
d isso lves  i n  the so lven t  only by physical forces .  
content of the  n i t rogen  down t o  l e s s  than 1000 ppm. 
t h e  bottom of t h e  absorber t o  a hea t  exchanger where i t  g ives  up a l a r g e  f r ac t ion  of 
t he  dissolved CO t o  the  gas phase. 
d r ives  t h e  CO quan t i t a t ive ly  out of t he  so lvent .  The hot lean  so lvent  flows through 
the  heat exchanger where i t  i s  cooled and then fed i n t o  the  absorber t o  complete the  
c i r c u i t .  
t h e  CO by l e t t i n g  down t h e  n i t rogen  from its pressure  i n  the  absorber t o  one 
atmosphere. The s t r i p p e r  is run a t  some 5 ps ig  o r  so  pressure.  

problems ex i s t .  

Second, to  d i scuss  a coa l  g a s i f i c a t i o n  process which 

Environmental problems w i l l  no t  allow 
Yet scrubbing s t ack  gases f o r  environmental 

The proposed process t o  b e  

Pol lu t ion  problems faced by the consumer would 

The copper ca t ion  in the  solvent 

It is q u i t e  easy t o  ge t  the  CO 
The CO r i c h  solvent flows from 

In  the  s t r i p p e r ,  a bo i l ing  aromatic compound 
, 

A turb ine  compressor is shown i n  the  diagram t h a t  may be  used t o  compress 

The e n t i r e  apparatus f o r  COSORB is b u i l t  of simple mild steel. No corrosion 

Packed towers no taller than t h i r t y  f e e t  a r e  more than adequate t o  
allow the  quan t i t a t ive  separa t ion  a t  mi l l i on  lb/day carbon monoxide r a t e s .  
u t i l i t i e s  necessary are cooling water,  low pressure  steam, and e l e c t r i c i t y  s u f f i c i e n t  
to pump the  solvent from the  s t r i p p e r  column t o  t h e  absorber. 

Having acquainted you with the  COSORB process,  I now tu rn  t o  d iscuss  a coa l  t o  
CO energy complex. 

Figure 5 is a diagram of a slagging-ash producer. 
mixed wi th  a f lux  (l imestone) and t h e  res idua l  ash from burning the  coa l  e x i t s  t he  
producer as 3 l i qu id .  These producers can b e  b u i l t  i n  very l a r g e  un i t s  ( the  b l a s t  
furnace,  a prototype of t h i s  producer, i s  b u i l t  i n  standard s i z e s  of 1000 tons coke 

The only 

The coa l  entering the top is 



7 9  
per day). 
production. 
Lurgi process oxygen g a s i f i e r s .  With pure carbon, t he  gas e x i t  temperature i s  from 
1000 t o  12OOC. 
because p a r t  of t he  sens ib l e  hea t  a r i s i n g  from the  r eac t ion  of C to  CO w i l l  be used 
to  d i s t i l l  the t a r ,  benzol, and moisture i n  the  coa l  o u t  of the coal on top of the  
very hot r eac t ion  zone. 
producer as  l a t e n t  hea t  of combustion of CO whi le  t he  remaining 28% w i l l  be  sens ib l e  
hea t  i n  the  gas. 

producer gas goes t o  a steam generation u n i t  where a l l  poss ib le  sens ib l e  hea t  is 
transformed t o  steam. This steam is  used a s  the  d r ive r  i n  the  succeeding u n i t s  and 
a l so  i n  the COSORB process t o  sepa ra t e  CO from the  producer gas. 

temperature coking of t he  coa l  i n  question. 

the  gas. 

organics and nitrogen and s u l f u r  from the  gas. 

used t o  f i n a l l y  prepare t h e  gas f o r  feed t o  COSORB. A t  t h i s  s tage ,  the  dry 
producer gas  w i l l  b e  33% CO with smal l  amounts of H p ,  CH4, and COP and the  balance 
nitrogen. 

This dry gas i s  then fed  t o  COSORB (Fig. 1 ) .  In  the  absorber a t  100 psig and 
ambient temperature, the  CO i s  quan t i t a t ive ly  absorbed i n  the  solvent whi le  t h e  
n i t rogen  goes overhead. 
t he  pure CO. Considerable excess energy is ava i l ab le  here  and would be  used t o  
compress p a r t  of t he  a i r  needed i n  Fig. 2 f o r  t h e  gas producer. 

up t o  400 miles t o  power genera t ion  s t a t i o n s  o r  i n d u s t r i a l  complexes f o r  use a s  fuel.  

Its f u e l  va lue  per un i t  volume i s  only 1 / 3  t h a t  of methane. 
f o r  t r anspor t  by p ipe l ine ,  but no t  a severe  one as long as t h e  d is tances  are 
reasonable. 
13% of i t s  f u e l  value. 

Its gross  and net hea t  of combustion are the  same. Methane uses only 90% of its 
gross heat of combustion i n  almost a l l  of i ts  f u e l  uses. CO has a h igher  octane 
number than methane. I n  a gas engine, f u l l y  25% more horsepower can b e  de l ivered  
with CO than with methane a s  fue l .  

This 
might be of grea t  p r a c t i c a l  use i n  p laces  where a very hot ,  bu t  completely dry gas 
product is needed. 

Engineering es t imates  f o r  a COSORB based process and summarized on  Fig. 4 f o r  
a very l a r g e  CO producing complex, the complex s i z e  is 668 x l o 6  SCF/day CO. This 
is equivalent i n  de l ivered  BTU'S t o  a 250 m i l l i o n  SCF/day r a t e  of methane. 

than t h i s  by the amount of tar and benzol d i s t i l l e d  i n  the  gas producer. 
e ight  percent of t h e  hea t  value of carbon would appear as sens ib l e  hea t  i n  t h e  
producer gas upon oxida t ion  t o  CO. This hea t  is  equivalent t o  3 . 5  m i l l i o n  pounds of 
steam per hour. 
f i c a t i o n  u n i t s  fo r  the  gas feed and a l so  t o  opera te  a COSORB un i t  f o r  t h e  separa t ion  
of co from nitrogen. 

One primary process d r ive r  (100,000 H.P.) operates from exhausting nitrogen. 
A second process d r ive r  is used (112,000 H . P . )  f o r  a i r  compressing. Only the l a t t e r  
would need fue l .  This f u e l  i n  a turb ine  would b e  about 1 4 %  of t h e  hea t ing  value of 
the  CO produced. 

method of coa l  gas i f i ca t ion  than any method which uses oxygen as  oxidant and which 
synthesizes methane as  product. 

Under pressure,  they a l so  can be run  a t  very high s p e c i f i c  r a t e s  of 
These producers have a s p e c i f i c  production r a t e  fourfold t h a t  of t he  

The gases ex i t i ng  a coa l  fed producer w i l l  be  a t  a lower temperature 

72% of t h e  energy of t h e  carbon reacted w i l l  e x i t  t he  

On s l i d e  2 ,  a l i n e  diagram of t h e  coa l  t o  CO complex is shown. The heated 

Tar and benzol a r e  made i n  q u a n t i t i e s  similar t o  those obtained by low 

One of the seve ra l  developed e f f i c i e n t  processes is then used t o  desu l fu r i ze  

An ac t iva ted  carbon u n i t  is then used f o r  f i n a l  clean-up t o  remove a l l  heavier 

A drying s tep  (very probably a glycol-solvent absorber and s t r i p p e r )  is then 

A tu rb ine  lets down t h e  pressurized nitrogen and compresses 

This energy complex would be  at the  mine. The product CO could be  transported 

On s l i d e  3, I have pu t  darn some s a l i e n t  po in t s  of i n t e r e s t  about CO as a fuel.  
This is a disadvantage 

CO may be t ranspor ted  400 miles by p ipe l ine  a t  an energy c o s t  of only 

A s  f u e l ,  CO is super ior  t o  methane. It contains no water i n  i t s  combustion gas. 

CO can produce a completely dry hot  gas i f  t he  combustion a i r  is d r i ed .  

The u n i t  g a s i f i e s  10,800 tons of carbon p e r  day. The tons coa l  would be l a rge r  
Twenty- 

About 2.2 mi l l ion  pounds of steam is enough t o  d r ive  a l l  t h e  puri-  

It is  my opinion t h a t  t he  process discussed is a much more promising economical 
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CO does n o t  have t h e  BTU per SCF t o  s u b s t i t u t e  f o r  methane in t he  present  gas  net- 
work. However, i t  needs emphasis t ha t  two-thirds o f  the present  use  of methane is 
in i n d u s t r i a l  o r  e l e c t r i c i t y  use. 
homes o r  o ther  non- indus t r ia l  usage. 

methane t o  CO without g r e a t  problems. 
supply could be assured to continue home heating. 

Only 1/3 of t h e  methane present ly  used goes t o  

I n d u s t r i a l  and e l e c t r i c a l  generating uses of methane could be.switched from 
This would conserve methane, so tha t  an ample 
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FIG. 2 - ENERGY COMPLEX: COAL- CO 

CARBON MONOXIDE AS FUEL 

HEATING VALUE: 340 BTU/SCF 

COMBUSTION EQN: CO +302 +2N24 C02 + 2N2 

C O X H ,  RELATIVE ENERGY DENSITY: 1.25/1 

USEABLE COMPRESSION RATIO 
IN OTTO CYCLE ENGINE: >9 
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COAL-CO ENERGY COMPLEX 4 

0 SIZE: 668 x IO6 SCF CO/DAY 
0 GASIFIER P: 115 PSlG 

t co P: 100 PSlG 
b 0 CARBON GASIFIED: 10,800 TONS/DAY 

0 DRIVE: TRANSFER TURBINE 100,000 H.P. 
AIR COMPRESSION 11 2,000 H.F? 

COSORB SOLVENT: 67,000 GPM 
' STEAM USED: 2.23 x IO6 #/HR. 

0 STEAM EQUIVALENT 

I 

OF GAS SENSIBLE HEAT: 3.56 x IO6 #/H.R. 

- -  

BOILER MULTICYCLONES 

~ ~ ~ 0 ~ ~ ~ 0 ~  DUST 

$. 
STEAM 
250 
PSlG 

FIG. 5 

MOLTEN ASH 


